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DISCLAIMER

= | grew up in HPC-Land

= Personal opinions
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EPI OBJECTIVES

Components (low power microprocessor technologies) ...

ARM based SoC
RISCV based accelerator
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OVERALL ARCHITECTURE epl
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' | = EPAC - EPI Accelerator

= MPPA - Multi-Purpose Processing Array
DDR
HPC & Emerging — = eFPGA or FPGA - embedded FPGA

= Cryptographic ASIC (EU Sovereignty)
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VISIONS AND COLLABORATIONS

STX:
Specific Accelerator devices
Al
Stencil

RVV
ISA is important, RISC-V Vector
“Accelerator”
Easier entry, focus
->Standard self hosted, general purpose vector SMP

VRP:
Extended precision arithmetic

Spring 2022 RISC-V Week. Paris. May 4th 2022
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RV

RV64GCV ([ 8x)
2 way in order core
Decoupled VPU
8 lanes
Long vectors (256 DP elements)
L1 - MESI coherency
CHI interface NoC
1 line / cycle
L$2: 256KB/module
Allocation control mechanisms
No in tile L$3
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HNF

=il

AXI Lite )

| Peripherals | | Peripherals | | Peripherals |

STX

DL and stencil specific accelerators
Extensions to planned NTX
Programmable address generators []
lightweight RISC-V core + fat FPU + (Streaming Semantics &FREP)

VRP
Variable precision processors
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HOLISTIC CO-DESIGN
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Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

Efficiency
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HOLISTIC CO-DESIGN
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Best place to address an issue
Fundamentals
Balance

Mindset

Productivity

Efficiency

CPUs/GPUSs/ASICs

| Aoploators
| UbrarisPlatoms |
| Schesuers
| ComplerTooihan |
o5 |
i sysers
oo
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LEVERAGE INTERFACES AND IMPLEMENTATIONS

Leverage “standards”
Opportunity to innovate and
contribute

CPUs/GPUs/ASICs
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LEVERAGE INTERFACES AND IMPLEMENTATIONS

Spring 2022 RISC-V Week. Paris. May 4th 2022

Leverage “standards”
Opportunity to innovate and
contribute
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HOLISTIC CO-DESIGN

Spring 2022 RISC-V Week. Paris. May 4th 2022

“As above, so below”

Similar concepts/mechanisms at all levels

“Steered by a vision”
“Steered by detailed insight”

Principles

. nced hierarchy | s
?_:\t:ncy _> throughput: asynchrony
lo\xe\:f:bi\'\ty and coord'ma?ed scheduling

. Himogen'\ze heterogeneity
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BALANCED HIERARCHY

Spring 2022 RISC-V Week. Paris. May 4th 2022

Workflow

MPI

vectors

Accelerator
specific

10 =1 x 10° =10 x 10° = 102 x 10% x 10?

Long vectors {3} RISC-V/

256 elements. 8 lanes per core
“Limited” number of “general purpose” control flows within tile

European
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Expression &
exploitation of

Parallelism
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LATENCY -> THROUGHPUT: ASYNCHRONY AND

OVERLAP

Taskify MPI calls

Task based models
= Single mechanism
= Concurrency

= Locality & data
management

Long vectors

throughput

Spring 2022 RISC-V Week. Paris. May 4th 2022

= decouple Front end — back end
= Convey access pattern semantics to the architecture. Potential to optimize memory

IFS weather code kernel. ECMWF

M RISC-V

Task based
computation
al workflows
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MALLEABILITY & COORDINATED SCHEDULING
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Coordination

omposability, interoperability
semantic impedance matching)

Real behavior of parallel application

2

== Running

=== Waiting comm.
=== Serial code
—pdib_parallel
=P dib_single
= Lend cpus

2|1.]1] dynamic
i 13
balancing

& ] [ ]
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= 1 1
b) Behavior of parallel application DLB-aware
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Vector Length Agnostic
(VLA) programming and

cchitectur .
architecture P, RISC-V

ISA 1

Micro

architecture

decides
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A wish:
Handoff scheduling

saxpy:
vsetvli a4, a0, e32, mBl
viw.v vO, (al)
sub a0, a0, a4
sl1li a4, a4, 2
add al, al, a4
viw.v v8, (a2)
vfmacc.vf v8, fa0, vo
vsw.v v8, (a2)
add a2, a2, a4
bnez a0, saxpy
ret
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HOMOGENIZING HETEROGENEITY
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void axpy_omp_nest (double a, double *dx, double *dy, int n) {
int i, chunk;
#pragma omp taskloop
for (i=0; i<n; i+=TS) {
chunk= n>i+TS? TS : n-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk])
axpy_omp (a, &dx[i], &dy[i], chunk);

void axpy_omp (double a, double *dx, double *dy, int n) {
int I, chunk;
#pragma omp taskloop
for (i=0; i<n; i+=TS) {
chunk= n>i+TS? TS : n-i;

axpy_SIMD (a, &dx[i], &dy[i], chunk);
}
} void axpy_SIMD (double a, double *dx, double *dy, int n) {
int i;

#pragma omp simd
for (i=0; i<n; i++) dy[i] += a*dx[i];

}
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Nested tasked/workshared

VLA helps homogenize Heterogeneous Performance

= Regular ISA
= ~Big—Little cores, ....

PIRISC-V

OpenMP

= Offload regular OpenMP

Memory

EPAC

GPP 1
ARMs N

15
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DETAILED ANALYSIS AND INSIGHT ON BEHAVIOR P
LRU Stack distance (colored by
instr)
Instr timing (colored by instr)
~1 Access pattern (colored by PC)
| R V.nMJ !' g g
QM = = - = =
Try to avoid flying blind in the midst
16
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LONG VECTORS

:jl RISC-V
= Raise ISA semantic level -
= Vector instructions == tasks Applications
= “less words, more work”
eSS_ ords, more wo PM: High-level, clean, abstract interface
= The importance of ISA
. Runtime
= Parallelism
[ | Decouple Front end — back end 1H—
-4
= Less pressure, throughput orientation 3 ISA / AP
-4
= 000 execution ¢
> Vis & o
. S --.Sual; _ '_o
= Osmotic membrane S S g lmioyT @
P ] o o
= Convey access pattern semantics to the architecture. <

= Potential to optimize memory throughput.
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AVISPADO 220 WITH VPU

RISCV64GCV

Coherent

Gazzillion Interface
. [ e
oc [ 15 g aveuc g 0 g
o

3 PARTY VPU

Courtesy R. Espasa
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VPU: A PROCESSOR IN ITSELF

Hierarchical “accelerator” integration
Program & data served by scalar core (Coherence; ~punch tape program ©)
Fine grain “offloading” of “vector tasks” (directly hardware supported)

Homogenized heterogeneity under single “standard” ISA interface defining
program order

Implementation
#FUs << VL (lanes=8, VL=256)
Some Oo0O
Resources to overlap?
L/S, FU, shuffling
Renaming
40 physical registers
Single ported register file
Large state

5 banks/lane providing sufficient bandwidth for 1 op/cycle (latency/BW
trading)

Data shuffling: directional ring
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“Vitruvius: An Area-Efficient Decoupled Vector Accelerator for High Performance Computing”
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EPAC TEST CHIP

JTAG
CEPmap 7 v v . .
)D sl estl [esn “VPU microtiles”
STX Tile Core Tile I Core uTile
“STX microtile” AXI4Lite Xbar AXl4Lite Xbar|e

Ror
3 V7 2
(;(F; <

)
le ‘

2 bits to each AVP

J

AXi4Lite
Crossabar |

“1/O microtile”
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Avispado Avispado
VPU VPU
L2 HN L2 HN

Avispado Avispado
SN RUERE VPU
B2 L2 HN

FPGA BRIDGE
serdes serdes
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TEST CHIP AND BOARD

happy@epacs$ axpy 1024

Running AXPY Scalar with 1024 array elements

init time: 45860 cycles .
while only 8x FPUs

axpy scalar reference ti -@ 2 O Long vectors !!
done 1 Memory Bandwidth

Result ok !!!

~25x

happy@epac$ vaxpy 1024
Running AXPY Vector with 1024 array elements
init time: 45843 cycles

axpy vector time

done
Result ok !!!
happy@epacs [l

copy scale add triad

60000
50000 4 {u 50000 4 ] 104l
40000 - 40000 1

1um JT faaty
30000 o 30000
20000 - ++ 20000 +

]

10000 4 10000 -
ol 0] —J L L___

MB/sec
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1-4 cores
STREAM.- 1-4 cores
3580 1 L St om0 COPY STREAM
B 1 ADD

3426
4x VPU %
Cores 3%

1316
Start 3y
IDLE §§§§

1-4 cores
STREAM
TRIAD

] 1-4 cores
2l |'W Release STREAM
RESET SCALE

~
]
&

tee] | = RESET

[ 200 400 600 800 1000
Sample (sec)

lepac@EPAC: ~/Desktop/etc_tools-master_v20211206/etc_tools-m
[sudo] password for epac:
Waiting for server ...

Waiting for
Waiting for
Waiting for
Waiting for
Waiting for

server ..
server ..

server ...
server ...

server

0 100 200 300 400 500 600 700 800 o] 100 200 300 400 500 600 700 80O

—— Read BW (L2HN -» Cores)
50000 —— Write BW (Cores -> L2HN) “ u
50000 lII ++ —— Total BW (Reads +I \':mes]
|+L 40000 N
40000
o i 30000 tt
9 30000
@
H FH ‘—W
20000 4 20000
. s e P-4
10000 - 10000 -
0] — 0] — — L

N . 0 160 260 360 460 50‘0 660 760 560 0 160 2(‘)0 360 460 560 660 760 560
Spring 2022 RISC-V Week. Paris. May 4th 2022 sample (sec) Sample (sec)

[Connection with server established!
EPAC JTAG Console Client 0.1
[Connecting to JTAG Console [3] ...
Press CTRL+A for exit

user@epacS jpeg_benchmark
JPEG scalar reference time: 255667444 cycles

idone
user@epacs I
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EPI SDV ECOSYSTEM

RISC-V cluster
Commercially available RISC-V platforms

Porting and configuring HPC software stack and
increase productivity (e.g., SLURM, MPI, OpenMP,
BSC tools, SDV1.2)

SDV: RVV @ FPGA nodes
Cl Infrastructure: Validation at “scale”
Software development and co-design steering
Test real “complex” codes @ real RTL
EPAC1.5 RTL improvement

Give to EPI partners and interested users easy
access to the latest EPAC technology

Two step procedure

Spring 2022 RISC-V Week. Paris. May 4th 2022

RISCV Vector Linux Node

VCU 128 dev kit

VCU 128 dev kit

. _ _ 1

—

. _ _ 1
—
N
O
O

VCU 128 dev kit
[ ov [ cunt ][ PLc FEGA V37F
T DDR4
Avispado | camiy otrl
32K$ cle
g
2 8 lanes NOC — AXI
e SIS o
S
HN-L2 _6aBiey
256KB 7
—

Self hosted RVV node @50MHz

European
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RTL Repo
Operations NFS

Network
Filesystem
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SYSTEM SOFTWARE @ SDV - ENVIRONMENT €pl

OS .

Kernel: Efficient context switches, large pages, network
drivers, PMU, DTB relocation patch,...

Root file system: Busybox / Buildroot / Debian / Ubuntu

Dynamic linked libraries, package installations,
start/shitdnwn services (LDAP, NFS)

float complex A[n][n];
float complex templ, temp2;

for (int j = 0; J < n; j++) {
if (x[j] !'= ZERO || y[j] !'= ZERO) {
templ = alpha * conjunction(creal(y[jl), cimag(vI[j1)):
temp2 = conjunction(creal (alpha * x[jl), cimag(alpha * x[j1));
#pragma clang loop vectorize (assume safety)

for (int 1 =0; i <= J - 1; i++) ALL1049]1 = AT31[91 + x[i]1 * templ + w[il * temp2;

B[§1[3] = creal (R[j1[3]1) + creal(

void target_immer_3d (.) {
} else RA[J1[3] = creal (R[31[31);

for (i) {
for ()

Compiler

gramirez@epac: .../pt2pts mpirun -np 2 --hostfile hostfile ./osu_bw
# OSU MPI Bandwidth Test v5.8
# Size Bandwidth (MB/s)

Intrinsics :

Automatic vectorization h

1024
2028
4095
gramirez@epac: .../pt2pt$ mpirun -np 2 --hostfile hostfile ./osu_latency
# 05U MPI Latency Test v5.8
# Size Latency (us)
o 8060.92
M P I 1 3471.22
2 3515.94
4 3786.58
B 3568.45
16 3622.08
OpenMPI @ 1 GbE ;
64 3810.36
128 4183.88
256 498066
512 6430.31
1624 8450.97
2048 15445.54
4695 24106.76

Spring 2022 RISC-V Week. Paris. May 4th 2022

#pragma clang loop vectorize (enable)

void SpMV_vec(double *a, long for (k) {

lap = LAP;

for (int row = @; row < n vIIDX3_1(i,3,k) ] = 2.f*u(ID¥3_1(i,3, k)]

unsigned long gvl; HH}
int idx = ia[row];

int nnz_row = ia[row A ~v[ID¥3_1(i,3, k) 1+vp[IDX3(i, ], k) ]1*lap;

_ epi 1xf64 v_a, v_x, v _prod, v_partial res;
_ epi_1xi64 v_idx row, v_three;
y[row]=0.0;
v_partial res = _ builtin epi vbroadcast_ 1xf64(0.0, gvl);
for(int colid=0; colid<nnz_row; ) { //blocking on MAXVL
gvl = _ builtin epi vsetvl(nnz_row - colid, _ epi e64,
__epiml);
v_a = _ builtin_epi vload 1xf64(&a[idx+colid], gvl);
v_idx_row = _ builtin_epi vload 1xit4(&ja[idx+colid], gvl);
v_three = _ builtin epi vbroadcast_1xi64(3, gvl);
v_idx_row = _ builtin_epi_vsll_1xi64(v_idx_row, v_three, gvl);
V_X = _ builtin_epi_vload_indexed_1xf64(x, v_idx_row, gvl);
v_prod = _ builtin_epi_vfmul_1xf64(v_a, v_x, gvl);
v_partial_res = _ builtin_epi_vfredsum_1xfe4(v_prod,
v_partial_res, gvl);
colid += gvl;
}

y[row] += _ builtin_epi_vgetfirst_1xfe4(v_partial_res,gvl);

Ethemet Ethemet

Ethemet

23
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SDV — COMPONENTS Initiative

Timing model
—» Vehave emulator RVV
.prv
\ trace
C-code —»  LLVM compiler Binary
with RVV Software from EPI
CPGA App output Hardware from EPI
Real RVV hardware A EEILE i
Timing Input app from third party
Output to study
RVV = RISC-V with Vector Extension Support Current FPGA implementation 1 core @ 50 MHz
Vector support is provided through: Expect to scale to dual/quad core by end of 2022
* Inline intrinsics Full linux support
«  Auto-vectorization by the compiler
More info:

Spring 2022 RISC-V Week. Paris. May 4th 2022 24


https://repo.hca.bsc.es/gitlab/epi-public/risc-v-vector-simulation-environment
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SDV - VECTOR PERFORMANCE

Jacobi 2D
“ Strea m ” SDV3.4-Load — NEC- Copy ¢ 00 Vector

MN4- Copy 4 SDV3.4- Copy — s 1255 2 MN4 B
SDV3.4 - Store — SDV3.4 Scalar - Copy ¢ =400 F NEC &
> g F SDV34
NEzLZ NECL3 . ZI0E
EPAC - 100 157.62 BJc 186.17 B/c NECMem a0 |
r ’ 132.60B/c ] E
[ ] m100 |
... vs. state of the art : - , ;
g [ MN4 L2 1 v 64 128 256 512 1024 2048 4096
(Xeon, NEC, A64FX, FU740, ...)z | MA&,%,/\‘ ’ Shoe
o
3 10F 4
= F V3.4 Scalar L1 5M 2N44BL3 ]
m L 4
@ [ 4.94B/c 248/ MN4 Mem ]
: 3435‘B/c SpMV
SDV3.4 Scalar L2 SDV3.4 Scalar Mem MN4 B
| 0.98 B/c 0.97 Bfc | NEC
Tr | | | | | * | 1] SDV3.5 - Vector Il

210 212 214 216 218 220 227 2% 226 228
Buffer size [B]

SDV3.5 - Scalar @

FFT

3 30% F MareNostrums B cage06 cagel0 ];zg[:slelt cagel2 cagel3
5 5%F ] NEC B
[1+] E
. SDV HACC
6 20% F
f -
s 15% £ E g 120 CTE-Arm B
[ E E = 100 - - MareNostrums4 B
8 10% F &8 | NEC mm
5 5% E E g 8or ] Sov m
R F 3 e .
(] L
: % 32 64 128 256 512 1024 2048 4096 8192 16384 32768 65536 131072 262144524288 E 40 B
FFT size (elements) § o ]
g ° 4th 5th 6th
- Order
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SDV - VECTOR IN HPC AND BEYOND
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g EEUPIL@T\

+ GROMACS
- EC-EARTH
_* OneDNN )

) UNIVERSITAT
;| POLITECNICA
DE VALENCIA

UNIVERSIDAD

COMPLUTENSE

MADRID

« Ginkgo

_+ BLIS )

J

4 X! . Climate dwarfs
AR :‘5":" - TFLite
FETNS « Containers

. PyCOMPSs

1,30 Europeam
Praqe_ss_or
1,60 Initiative
1,40 [ Minimod |
o 1,20
;ﬁ 1,00 @
€ 0,0
e 0,60 Torq
0,40 L
0,20 e <
0,00 —
0 100 200 300 400 500
Scalar: 10355 S grid size
Vector. 29 3 S —8—arriesgado  —@—SDV scalar —®—SDV autovec
Bolt
Intel (2.5GHz): 0.0303 s
. Unmatched (1.2GHz): 0.1634 s
. SDV Scalar (50MHz): 5.8462 s
epl = = SDV Vector (60MHz): 3.7104 s
e Linpack
A
F’ .08 0.38 “D w (C uuuuuuuuuu
"':: e m 512 1024
bl .00 0.42 .88 . Rada | I BBBBB I nnnnnnnn I EEEEEEEEEEE <{ - ‘
40.00% ML:‘_ ....................
W 20.00% Function @ radar.pry
~~~~~~ Og— "‘“'“’“ e
O s 1280 2560 3840 5120 6400 7680 8960 10240 11520 @vehave. =
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Spark )

» Pytorch
* PostgressSQL
« Sorting
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LOD IN BEHAVIOR ANALYSIS

HPL Efficiency
W 256 W 512 1024
60.00%

40.00%

Effi

20.00%

0.00%

256 1280 2560 3840 5120 6400 7680 8960 10240 11520

BLAS functions @ hpl_N5120_NB256.prv.gz

342,264,179,998 ns

THREAD 1.1.1

T

BLAS functions duration @ hpl_N5120_NB256.prv.g:

| AT

631,424,642,539 ns

THREAD 1.1.1

A 342,264,179,998 ns

=

< 134,800

631,424,642,539 ns

(]|

12,233,053,160. 5¢ 24,465,971,521 >

IPC @ hpl_N5120_NB256.prv.gz

1.1

Extrae + Paraver

342,264,179,998 n=z 631,424,642,539 ns

|

s 0.38 0. 68 >

Sta n d a rd H P C lization @ hpl_NS120_NB256.prv.gz

nsiumentation | | I

analytiCS and 342,264,179,998 ns 631,424,54;9 ns
visualization e SR
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Program counter

wvehave = F ™" -ll'__ ﬂ;-
i e
o= a=
- -
T _l—'-"-. -l
117,623 ns 123,487 ns
Memory address 2DZoom range [2.74865e+11,2.74938e+11)
vehave | " 1 o mimTt a LI I Ty I -
oot - — . - .
f e 1 - . 1 -

117,623 ns 129,487 ns

L1 miss ratio @ dwarf_cloudsc.vec.n-1.5-2848.bs-512.v1-16384_2del.262144.128.16.11.16.1600.35. prv

117,623 ns 129,487 ns

[ =

< @ .500000 1 >

Instantaneous CPI

o || O N W B

A ot e 129,487 na
OO T T T T |
< 1 2,250.500000 4,560 >

[ outside slas
[J ocopy
DSCAL
[ oeenv
[ orrsv
M ocenm
M orrsu

LRU Stack Depth (gblock level)

117,623 ns 129,487 ns

O e
W fmacc

Instruction Issue @ MxM_guillem_KK.ila.prv

[ [ [ e B B

3,226 ns 5,681 ns

ila

Top of ROB @ MxM_guillem_KK.ila.prv
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Vehave + MUSA

Detailed analysis ...
... of flexible what-ifs
at ISA/uArch level

UL W[ — I

3,226 ns 5,681 ns

Instantaneous CPT @ MxM_guillem_KK.ila.prv

3,220 5,681
] 0O
< L) T2.500000 145 >

memory operation internals @ MxM_guillem_KK.ila.prv

r r r r r
ila

3,220 ns 5,681 ns

SDV@FPGA

Detailed analysis ...
... of actual RTL ...
... at “large” scale
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THE EPI/EUPILOT RVV CHIP ROADMAP

EPAC 1.0 EPAC 1.5 Research
o
P2: PHY Research
Prototype

~ yearly RTL dev. cycle

< <

<
<

) ) e Y

2020 2021 2022 2023 2024 2025 2026

[
»

Spring 2022 RISC-V Week. Paris. May 4th 2022
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THE IMPORTANCE OF A VISION

RISC-V: also an option for HPC

Holistic throughput oriented vision based on long
vectors and task based models

Hierarchical concurrency and locality exploitation
Not massive concurrency at a given level
Push behaviour exploitation to low levels

Co-ordination between levels

Make it all look very close to classical sequential
programming to ensure productivity

Spring 2022 RISC-V Week. Paris. May 4th 2022

EPAC & Sagrada Familia ?

| "special” instructions |-\

| Pragram steered cache allocation |-

* There is something “special” ...
« ..showing the way ...
* ... sustaining the effort

LONG vectors

The throughput L it
oriented facade | - JIEE &
T |1 Fa
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QUESTIONS?
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http://www.european-processor-initiative.eu/
https://twitter.com/EuProcessor
https://www.linkedin.com/company/european-processor-initiative/
https://www.youtube.com/channel/UCGvQcTosJdWhd013SHnIbpA/
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